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It is apparent that the acquisition
of verbal habits depends on the effects
of a given occasion being carried over
into later repetitions of the situation.
Nevertheless, textbooks separate ac-
quisition and retention into distinct
categories. The limitation of dis-
cussions of retention to long-term
characteristics is necessary in large
part by the scarcity of data on the
course of retention over intervals of
the order of magnitude of the time
elapsing between successive repeti-
tions in an acquisition study. The
presence of a retentive function within
the acquisition process was postulated
by Hull (1940) in his use of the stimu-
lus trace to explain serial phenomena.
Again, Underwood (1949) has sug-
gested that forgetting occurs during
the acquisition process. But these
theoretical considerations have not
led to empirical investigation. Hull
(1952) quantified the stimulus trace
on data concerned with the CS-UCS
interval in eyelid conditioning and it
is not obvious that the construct so
quantified can be readily transferred
to verbal learning. One objection is

1 The initial stages of this investigation
were facilitated by National Science Founda-
tion Grant G-2596.

that a verbal stimulus produces a
strong predictable response prior to
the experimental session and this is
not true of the originally neutral
stimulus in eyelid conditioning.

Two studies have shown that the
effects of verbal stimulation can de-
crease over intervals measured in
seconds. Pillsbury and Sylvester
(1940) found marked decrement with
a list of items tested for recall 10 sec.
after a single presentation. However,
it seems unlikely that this traditional
presentation of a list and later testing
for recall of the list will be useful in
studying intervals near or shorter than
the time necessary to present the list.
Of more interest is a recent study by
Brown (1958) in which among other
conditions a single pair of consonants
was tested after a 5-sec, interval.
Decrement was found at the one recall
interval, but no systematic study of
the course of retention over a variety
of intervals was attempted.

EXPERIMENT I

The present investigation tests re-
call for individual items after several
short intervals. An item is presented
and tested without related items inter-
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vening. The initial study examines
the course of retention after one brief
presentation of the item.

Method
n .-1,

Subjects.—The 5s were 24 students from
introductory psychology courses at Indiana
University. Participation in experiments was
a course requirement.

Materials.—The verbal items tested for
recall were 48 consonant syllables with Wit-
mer association value no greater than 33%
(Hilgard, 1951). Other materials were 48
three-digit numbers obtained from a table of
random numbers. One of these was given to
5 after each presentation under instructions
to count backward from the number. It was
considered that continuous verbal activity
during the time between presentation and
signal for recall was desirable in order to
minimize rehearsal behavior. The materials
were selected to be categorically dissimilar
and hence involve a minimum of interference.

Procedure.—The S was seated at a table
with E seated facing in the same direction on
S's right. A black plywood screen shielded
E from 5. On the table in front of 5 were
two small lights mounted on a black box.
The general procedure was for E to spell a
consonant syllable and immediately speak a
three-digit number. The 5 then counted
backward by three or four from this number.
On flashing of a signal light 5 attempted to
recall the consonant syllable. The E spoke
in rhythm with a metronome clicking twice
per second and 5 was instructed to do like-
wise. The timing of these events is dia-
grammed in Fig. 1. As E spoke the third
digit, he pressed a button activating a Hunter
interval timer. At the end of a preset inter-
val the timer activated a red light and an
electric clock. The light was the signal for
recall. The clock ran until E heard 5 speak
three letters, when E stopped the clock by
depressing a key. This time between onset
of the light and completion of a response will
be referred to as a latency. It is to be dis-
tinguished from the interval from completion

SEC 0 I 2 3 4 5 6...
I I I I I I I I I I I I I

E CHJ 506
S 506 503 CHJ

liRECALL INTERVALS*— LATENCY—»l

FIG. 1. Sequence of events for a
recall interval of 3 sec.

of the syllable by E to onset of the light, which
will be referred to as the recall interval.

The instructions read to 5 were as follows:
"Please sit against the back of your chair so
that you are comfortable. . You will not be
shbckbd during this experiment. In front of
you is a little black box. The top or green
light is on now. This green light means that
we are ready to begin a trial. I will speak
some letters and then a number. You are to
repeat the number immediately after I say it
and begin counting backwards by S's (4's)
from that number in time with the ticking
that you hear. I might say, ABC 309. Then
you say, 309, 306, 303, etc., until the bottom
or red light comes on. When you see this red
light come on, stop counting immediately and
say the letters that were given at the beginning
of the trial. Remember to keep your eyes on
the black box at all times. There will be a
short rest period and then the green light will
come on again and we will start a new trial."
The E summarized what he had already said
and then gave 5 two practice trials. During
this practice 5 was corrected if he hesitated
before starting to count, or if he failed to stop
counting on signal, or if he in any other way
deviated from the instructions.

Each 5 was tested eight times at each of
the recall intervals, 3, 6, 9, 12, IS, and 18 sec.
A given consonant syllable was used only
once with each S. Each syllable occurred
equally often over the group at each recall
interval. A specific recall interval was repre-
sented once in each successive block of six
presentations. The S counted backward by
three on half of the trials and by four on the
remaining trials. No two successive items
contained letters in common. The 'time
between signal for recall and the start of the
next presentation was IS sec.

Results and Discussion

Responses occurring any time dur-
ing the 15-sec. interval following
signal for recall were recorded. In
Fig. 2 are plotted the proportions of
correct recalls as cumulative func-
tions of latency for each of the recall
intervals. Sign tests were used to
evaluate differences among the curves
(Walker & Lev, 1953). At each
latency differences among the 3-, 6-,
9-, and 18-sec. recall interval curves
are significant at the .05 level. For
latencies of 6 sec. and longer these
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FIG. 2. Correct recalls as cumulative
functions of latency.

differences are all significant at the
.01 level. Note that the number cor-
rect with latency less than 2 sec. does
not constitute a majority of the total
correct. These responses would not
seem appropriately described as iden-
tification of the gradually weakening
trace of a stimulus. There is a sug-
gestion of an oscillatory characteristic
in the events determining them.

The feasibility of an interpretation by
a statistical model was explored by fitting
to the data the exponential curve of Fig.
3. The empirical points plotted here are
proportions of correct responses with
latencies shorter than 2.83 sec. Parti-
tion of the correct responses on the basis
of latency is required by considerations
developed in detail by Estes (1950). A
given probability of response applies to
an interval of time equal in length to the
average time required for the response

under consideration to occur. The mean
latency of correct responses in the pres-
ent experiment was 2.83 sec. Differences
among the proportions of correct re-
sponses with latencies shorter than 2.83
sec. were evaluated by sign tests. The
difference between the 3- and 18-sec.
conditions was found to be significant at
the .01 level. All differences among the
3-, 6-, 9-, 12-, and 18-sec. conditions were
significant at the .05 level.

The general equation of which the
expression for the curve of Fig. 3 is a
specific instance is derived from the
stimulus fluctuation model developed by
Estes (1955). In applying the model to
the present experiment it is assumed that
the .verbal stimulus produces a response
in S which is conditioned to a set of ele-
ments contiguous with the response.
The elements thus conditioned are a
sample of a larger population of ele-
ments into which the conditioned ele-
ments disperse as time passes. The pro-
portion of conditioned elements in the
sample determining S's behavior thus de-
creases and with it the probability of the
response. Since the fitted curve appears
to do justice to the data, the observed
decrement . could arise from stimulus
fluctuation.

The independence of successive pres-
entations might be questioned in the light
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FIG. 3. Correct recalls with latencies below
2.83 sec. as a function of recall interval.
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of findings that performance deteriorates
as a function of previous learning (Under-
wood, 1957). The presence of proactive
interference was tested by noting the
correct responses within each successive
block of 12 presentations. The short
recall intervals were analyzed separately
from the long recall intervals in view of
the possibility that facilitation might
occur with the one and interference with
the other. The proportions of correct
responses for the combined 3- and 6-sec.
recall intervals were in order of occur-
rence .57, .66, .70, and .74. A sign test
showed the difference between the first
and last blocks to be significant at the .02
level. The proportions correct for the
15- and 18-sec. recall intervals were..08,
.15, .09, and .12. The gain from first to
last blocks is not significant in this case.
There is no evidence for proactive inter-
ference. There is an indication of im-
provement with practice.

EXPERIMENT II

The findings in Exp. I are compati-
ble with the proposition that the after-
effects of a single, brief, verbal stimu-
lation can be interpreted as those of a
trial of learning. It would be pre-
dicted from such an interpretation
that probability of recall at a given
recall interval should increase as a
function of repetitions of the stimula-
tion. Forgetting should proceed at
differential rates for items with differ-
ing numbers of repetitions. Although
this seems to be a reasonable predic-
tion, there are those who would pre-
dict otherwise. Brown (1958), for
instance, questions whether repeti-
tions, as such, strengthen the "mem-
ory trace." He suggests that the
effect of repetitions of a stimulus, or
rehearsal, may be merely to postpone
the onset of decay of the trace. If
time is measured from the moment
that the last stimulation ceased, then
the forgetting curves should coincide
in all cases, no matter how many

occurrences of the stimulation have
preceded the final occurrence. The
second experiment was designed to
obtain empirical evidence relevant to
this problem.

Method

The 5s were 48 students from the source
previously described. Half of the 5s were
instructed to repeat the stimulus aloud in time
with the metronome until stopped by E giving
them a number from which S counted back-
ward. The remaining 5s were not given in-
structions concerning use of the interval be-
tween E's presentation of the stimulus and
his speaking the number from which to count
backward. Both the "vocal" group and the
"silent" group had equated intervals of time
during which rehearsal inevitably occurred in
the one case and could occur in the other case.
Differences in frequency of recalls between
the groups would indicate a failure of the un-
instructed 5s to rehearse. The zero point
marking the beginning of the recall interval
for the silent group was set at the point at
which E spoke the number from which 5
counted backward. This was also true for
the vocal group.

The length of the rehearsal period was
varied for 5s of both groups over three condi-
tions. On a third of the presentations 5 was
not given time for any repetitions. This
condition was thus comparable to Exp. I,
save that the only recall intervals used were
3, 9, and 18 sec. On another third of the
presentations 1 sec. elapsed during which 5
could repeat the stimulus. On another third
of the presentations 3 sec. elapsed, or suffi-
cient time for three repetitions. Consonant
syllables were varied as to the rehearsal
interval in which they were used, so that each
syllable occurred equally often in each condi-
tion over the group. However, a given syl-
lable was never presented more than once to
any 5. The 5s were assigned in order of ap-
pearance to a randomized list of conditions.
Six practice presentations were given during
which corrections were made of departures
from instructions. Other details follow the
procedures of Exp. I.

Results and Discussion

Table 1 shows the proportion of
items recalled correctly. In the vocal
group recall improved with repetition
at each of the recall intervals tested.
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TABLE 1
PROPORTIONS or ITEMS CORRECTLY

RECALLED IN EXP. II

Group

Vocal

Silent

Repeti-
tion

Time
(Sec.)

3
1
0

3
1
0

Recall Interval (Sec.)

3

.80

.68

.60

.70

.74

.72

9

.48

.34

.25

.39

.35

.38

18

.34

.21

.14

.30

.22

.15

Conditions in the silent group were
not consistently ordered. For pur-
poses of statistical analysis the recall
intervals were combined within each
group. A sign test between numbers
correct in the 0- and 3-repetition con-
ditions of the vocal group showed the
difference to be significant at the .01
level. The difference between the
corresponding conditions of the silent
group was not significant at the .05
level. Only under conditions where
repetition of the stimulus was con-
trolled by instructions did retention
improve.

The obtained differences among the
zero conditions of Exp. II and the
3-, 9-, and 18-sec. recall intervals of
Exp. I require some comment, since
procedures were essentially the same.
Since these are between-5 compari-
sons, some differences would be pre-
dicted because of sampling variability.
But another factor is probably in-
volved. There were 48 presentations
in Exp. I and only 36 in Exp. II.
Since recall was found to improve over
successive blocks of trials, a superior-
ity in recall for 5s of Exp. I is reason-
able. In the case of differences
between the vocal and silent groups
of Exp. II a statistical test is permiss-
able, for 5s were assigned randomly
to the two groups. Wilcoxon's (1949)
test for unpaired replicates, as well as

a t test, was used. Neither showed
significance at the .05 level.

The 1- and 3-repetition conditions
of the vocal group afforded an op-
portunity to obtain a measure of what
recall would be at the zero interval in
time. It was noted whether a syl-
lable had been correctly repeated by
5. Proportions correctly repeated
were .90 for the 1-repetition condition
and .88 for the 3-repetition condition.
The chief source of error lay in the
confusion of the letters "m" and "n."
This source of error is not confounded
with the repetition variable, for it is
5 who repeats and thus perpetuates
his error. Further, individual items
were balanced over the three condi-
tions. There is no suggestion of any
difference in responding among the
repetition conditions at the beginning
of the recall interval. These differ-
ences developed during the time that
5 was engaged in counting backward.
A differential rate of forgetting seems
indisputable.

The factors underlying the improve-
ment in retention with repetition were
investigated by means of an analysis
of the status of elements within the
individual items. The individual
consonant syllable, like the nonsense
syllable, may be regarded as present-
ing 5 with a serial learning task.
Through repetitions unrelated com-
ponents may develop serial depend-
encies until in the manner of familiar
words they have become single units.
The improved retention might then
be attributed to increases in these
serial dependencies. The analysis
proceeded by ascertaining the de-
pendent probabilities that letters
would be correct given the event that
the previous letter was correct.
These dependent probabilities are
listed in Table 2. It is clear that with
increasing repetitions the serial de-
pendencies increase. Again combin-
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TABLE 2
DEPENDENT PROBABILITIES OF A LETTER

BEING CORRECTLY RECALLED IN THE VOCAL
GROUP WHEN THE PRECEDING LETTER

WAS CORRECT

Repetition
Time (Sec.)

3
1
0

Recall Interval (Sec.)

3

.96

.90

.86

9

.85

.72

.64

18

.72

.57

.56

ing recall intervals, a sign test be-
tween the zero condition and the three
repetition condition is significant at
the .01 level.

Learning is seen to take place within
the items. But this finding does not
eliminate the possibility that another
kind of learning is proceeding concur-
rently. If only the correct occur-
rences of the first letters of syllables
are considered, changes in retention
apart from the serial dependencies
can be assessed. The proportions of
first letters recalled correctly for the
0-, 1-, and 3-repetition conditions were
.60, .65, and .72, respectively. A
sign test between the 0- and 3-repeti-
tion conditions was significant at the
.05 level. It may tentatively be
concluded that learning of a second
kind took place.

The course of short-term verbal re-
tention is seen to be related to learning
processes. It would not appear to be
strictly accurate to refer to retention
after a brief presentation as a stimulus
trace. Rather, it would seem appropri-
ate to refer to it as the result of a trial of
learning. However, in spite of possible
objections to Hull's terminology the
present investigation supports his general
position that a short-term retentive
factor is important for the analysis of
verbal learning. The details of the role

of retention in the acquisition process
remain to be worked out.

SUMMARY

The investigation differed from traditional
verbal retention studies in concerning itself
with individual items instead of lists. For-
getting over intervals measured in seconds
was found. The course of retention after a
single presentation was related to a statistical
model. Forgetting was found to progress at
differential rates dependent on the amount of
controlled rehearsal of the stimulus. A por-
tion of the improvement in recall with repeti-
tions was assigned to serial learning within the
item, but a second kind of learning was also
found. It was concluded that short-term
retention is an important, though neglected,
aspect of the acquisition process.
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